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Analiz Algoritmalari Neden Onemlidir?

Parcacik fizigi deneylerinde algoritmalarinin anlasilabilir ve ulasilabilir olmasi cok 6nemlidir. Bu sayede:

* Analiz gruplari icerisinde detaylar kolaylikla tartisilabilir ve hatalar hizl bir sekilde
bulunabilir.

* Fizik icerigi diger fizikcilerle rahatlkla paylasilabilir.

* Pek cok analizi 6grenmek kolaylasir, boylece analizler arasindaki benzerlik ve farkliliklar
anlasilabilir.

* Yorumlama, yeniden yorumlama ve dogrulama ¢alismalari igin analiz algoritmalarinin
ulasilabilir olmasi cok dnemlidir.

e Pek ¢ok analizin ayni anda gergeklestiriimesi, analizlerin seneler sonra farkli verilerle
tekrarlanabilmesi saglanir.
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BHC Veri Analizi

~=~~L Mevcut analiz cercevelerinde, veri analizleri C++ ve Python gibi genel amacli dillere dayanan analiz yazilim
cerceveleri kullanarak yapilirlar:

* Bu cercevelerde fizik icerigi ve teknik islemciler birbiri icine gecmislerdir ve
birlikte yarutalirler.

* Fizik iceriginin bu daginik ve standarttan uzak ifade tarzi analizleri gelistirmeyi,
anlamayi, icerigi iletmeyi ve yeni modeller ile yorumlamayi zorlastirir.

e Farkli cercevelerde calismak ve 6grenmek zaman alir.

e Bir analizi saklamak ve tekrar etmek ¢ok zordur.

ongratulations, ‘\‘a 4
it only took you |
65298 seconds

for (int 1 =6 ; 1L < nMuon ; i+e) { i
Bt B Eski Yol
h_muonPt->Fill{Muon_PT[1]);

h_muonEta->Fill(Muon_Etafi]);
h_muonPhi->Fill(Muon_Phi[i]); ‘
h_muoncharge->Fill(Muon_Charge[i]);
for (int I =0 ; J<i; jee) {
1f((Muon_Charge[i] * Muon_Charge[j]) < @) {
if((Muon_PT[1] < 36 &8 Muon_PT[j] < 38)) continue;
zlepl.SetPtEtaPhiM(Muon_PT[1], Muon_Eta[i], Muon_Phi[i], 6.186);
zlep2.SetPtEtaPhiM(Muon_PT[j], Muon_Eta[j], Muon_Phi[j], 0.106);
double Zmumumass = (zlepl + zlep2).M();
ZfromM = true;

WWW Jolyan oo Lk

h_ZmumuMass->Fill(Zaumumass);
}

}//end of muon loop
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o BHC Fizigi icin Analiz Betimleme Dili

Analiz Betimleme Dili (ADL) bir YEF analizinin fizik icerigini standart ve acik bir sekilde ifade eden alana
0zgu, bildirimsel bir dildir (DSL).

* Harici DSL: Analize 6zgl kavramlari ifade etmek i¢in 6zel olarak tasarlanmis s6zdizimi. Pargacik
fizikcilerinin kavramsal akil yartutmesini yansitir. Programlamaya degil fizige odaklanir.

* Bildirimsel: Yapilmasi gerekeni acgiklar, ancak nasil yapilacagini tanimlamaz.

* Kolay okunabilir: Agik, kendi kendini tanimlayan s6zdizimi kurallari.

* Herkes icin tasarlandi: deneyciler, fenomenoloji calisanlar, 6grenciler, ilgilenen diger herkese acik...

ADL cercevelerden bagimsizdir --> ADL'yi taniyan herhangi bir cercevede analiz kosturulabilir.

* Cok amacl kullanim: Belirli bir amac icin en uygun GPL / cerceve otomatik olarak cevrilebilir veya dahil
edilebilir. Ornegin deney, analiz, (yeniden)yorumlama, analiz sorgulari...

e Gruplar arasi kolay iletisim: Deneysel, fenomenoloji, hakemler, 6grenciler.

e Analizin fizik iceriginin korunumunu saglar.

16.02.2025 TBAE PFVA'25



e ADL Yapisi
(AS
ADL sunlardan olusur: * Bir ADL dosyasi nesne, degisken ve olay se¢imi
' tanimlarini ayiran bloklardan olusur. Bloklar
 Acik sdzdizimi kurallarina sahip okunmasi kolay bir DSL an.ahtar ﬁllmke-lt'alln?at Vap'ls.'n; Sah'plt'r-
kullanarak analiz algoritmasini aciklayan bir diiz metin ?Ta Iar. ?Lmﬁ f_r' analiz kavramlarini ve
ADL dosyasl. islemlerini belirtir.

* ADL sozdizimi ile ifade edilmesi basit olmayan
degiskenleri (6r. MT2, ML algoritmalari) icine alan
bagimsiz islevlerden olusan bir kitliphane. Dahili veya
harici (kullanici) fonksiyonlari.

blocktype blockname
keywordl instructionl
keyword1l instruction2
keyword3 instruction3 # comment

e Sozdizimi, matematiksel ve mantiksal islemleri,
karsilastirma ve optimizasyon operatorlerini,
indirgeyicileri, 4 vektor cebrini ve YEF'e 6zgu
fonksiyonlari(dd, dR, ...) icerir.
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A
*‘?)'ﬁ ADL S6zdizimi: ana bloklar, islemciler
islem islemci
Blokun amaci Anahtar kelime . o
Karsilastirma islemcileri ><=>=<==I=
Nesne tanimlama object [] (dahil) ][ (haric)
bloklar Matematiksel islemciler +-* /A
Olay segme bloklari resion Mantiksal islemciler and or not
: . I
Analiz veya ADL bilgisi | info Kosul islemcisi kosul ? dogru : yanlis
Optimizasyon islemcileri ~= (en yakin)
~|
Tablo table ' (en uzak)
Lorentz vektorleri toplama LV1 + LV2
LV1 LV2

ADL sozdizimi kurallari ve kullanim ornekleri:
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ADL

TBAE PFVA'25
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*4%’3 ADL SOzdizimi: anahtar kelimeler

Anahtar kelime amaci | Anahtar kelime

degiskenleri ve sabitleri define

tanimlama

nesne veya olay secimi select

nesne veya olay reject

reddetme ADL sozdizimi kurallari ve kullanim ornekleri:
ana nesneyi tanimlama take https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ADL
agirhklari uygulama weight

degiskenleri yazdirma print

nesneleri siralama sort

histogramlari tanimlama | histo

degiskenleri kaydetme save

16.02.2025 TBAE PFVA'25
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ADL S6zdizimi: fonksiyonlar

Standart/dahili fonksiyonlar: Yeterince genel Harici/kullanici fonksiyonlari: Mevcut islemcileri
matematik ve YEF islemleri dilin ve onu yorumlayan kullanarak ifade edilemeyen degiskenler ve standart
herhangi bir aracin parcasi olabilir. fonksiyonlar, bir ADL dosyasindan cagrilabilen bagimsiz

fonksiyonlarla ifade edilebilir ve bir veri tabani

. . aracihigiyla derleyiciler tarafindan erisilebilir.
* Matematik fonksiyonlari: abs(), sqrt(),

sin(), cos(), tan(), log(), ...

e Collection reducers: size(), sum(), min(), . Basit olmayan algoritmalara sahip

max(), any(), all(), ... degiskenler: MT2, aplanarity, razor

* YEF spesifik fonksiyonlar: dR(), dphi(), degiskenleri, ...
deta(), m(), ... * Analitik olmayan degiskenler: nesne ve

* Nesne ve koleksiyon isleme: union(), tetikleme verimlilikleri, degisken/ML ile
comb(), ... hesaplanan degiskenler ve verimlilikler, ...

16.02.2025 TBAE PFVA’25 8



ADL ile basit bir analiz 6rnegi

# OBJECTS # EVENT VARIABLES

object goodMuons define HT = sum(pT(goodJets))
take muon define MTI = Sqrt( 2*pT(goodLeps[0]) * MET*(1-cos(phi(METLV[0]) - phi(goodLeps[0]) )))
select pT(muon) > 20
select abs(eta(muon)) < 2.4 # EVENT SELECTION

region baseline

object goodEles select size(goodlets) >= 2 i

take ele select HT > 200

select pT(ele) > 20 select MET /HT <=1
select abs(eta(ele)) < 2.5

region signalregion

object goodLeps baseline

take union(goodEles, goodMuons) select Size(goodLeps) ==
select dphi(METLV[0], jets[0]) > 0.5

object goodJets - —
take jet region controlregion
select pT(jet) > 30 baseline ¥ / l
select abs(eta(jet)) < 2.4 select size(goodLeps) == signalregion | | controlregion
reject dR(jet, goodLeps) < 0.4 select MTI < 120

susysimple.adl
Bazi BHG analizlerinin ADL uyarlamalari: https://github.com/ADLAHEP/ADLLHCanalyses

TBAE PFVA'25 9
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arXiv:2205.09597: CMS Search for Electroweak SUSY in WW, WZ and WH hadronic final states




3 J E Histogram ve Cizim Araclari

ADL/CutLang genis histogramlama kabiliyetlerine sahiptir:

e 1D ve 2D sabit bin ve degisken binli histogramlar tek satirda tanimlanir.

* Farkli regionlar ve kesim seviyelerinde tekrar tekrar kullanilabilecek histogram listeleri tanimlanabilir.
e Cutflow histogramlari ve analiz bin histogramlari otomatik olarak ciziliyor.

# HISTOGRAM LISTS

histoList jetHistos

histo hnjets , "number of jets", 20,
histo hjetipt , "jetl pT (Gev)", 48,
histo hjet2pt , "jetz pT (Gev)", 40,
histo hjet3pt , "jet3 pT (Gev)", 40,
histo hjetleta , "jetl eta", 40, -3,
histo hjet2eta , "jet2 eta", 40, -3,
histo hjet3eta , "jet3 eta", 40, -3,

Histogram Listesi 20, size(goodlets)

1000, pT(goodlets[@])
1000, pT(goodlets[1])
1000, pT(goodlets[2])
eta(goodlets[@])
eta(goodJlets[1])
eta(goodJlets[2])

W wwo oo

# EVENT SELECTION
region baseline
select ALL
select size(goodlets) >= 3
select size(goodbJets) >= 1
select pT(goodJets[0]) > 200
# Fixed bin 1D:
histo hmet, "MET (GeV)", 40, ©, 1000, MET
# Fixed bin 2D:
histo hj1ptMET, "MET vs. jetl pT (GeVv)", 40, ©, 1000, 40, O, 1000, pT(goodJets[0©]), MET
# Variable bin 1D (no , between bin edges!):
histo hmetvarbin, "MET (GeV) variable bin", 0.0 10.0 20.0 50.0 100.0 500.0, MET
# Use histolists after different levels of selection:
select MET > 100
jetHistos
select MET > 200

16.02.2025 jetHistos TBAE PFVA'25




CutlLang yorumlayicisi ve cerceve

CutlLang cercevesi: yorumlayici + araclar

CutLang calisma zamani yorumlayicisi: ¥ ) ey
Olay ve harici fonksiyon girdileri:

* Analiz icerigi derlenmez. ADL dosyasini olaylar

Gzerinden dogrudan calistirir. * Olay girdileri: ROOT dosyalari araciligiyla.

e Birden ¢ok girdi tipi: Delphes, CMS NanoAOD,

* CutLang’in kendisi C++ ile yazilmistir, herhangi ATLAS/CMS Open Data, LVLO, FCC. Daha fazlasi

bir modern Unix ortaminda calisir.

Lorentz Vektor islemleri ve histogramlari icin
ROOT siniflarini temel alir.

kolaylikla eklenebilir.

Tum olay tipleri calisma zamani yorumlayicisi
tarafindan taninacak onceden tanimlanmis
parcacik nesne tiplerine dondstarallr --> ayni

ADL dosyasi farklh girdi tipleri ile calistirilabilir.

e ADL sozdizimi isleme: Lex & Yacc geregleri ile.

* Sonuc ciktilari: ROOT dosyalari aracihigiyla.
* Her secim bolgesi icin cutflow, binler ve
kullanici tarafindan tanimlanmis histogramlarin

Cutlang Github: https://github.com/unelg/CutlLang bulundugu bir TDirectory.

CutlLang Yayinlari: arXiv:1801.05727,
arXiv:1909.10621 arXiv:2101.09031 TBAE PFVA'25 12



https://github.com/unelg/CutLang
https://arxiv.org/abs/1801.05727
https://arxiv.org/abs/1909.10621
https://arxiv.org/abs/2101.09031v2

Native v

Docker v

Conda
cmd line v

Conda
-> Jupyter v

Web
-> Jupyter v

16.02.2025

CutLang Bircok Ortamda Calisiyor

MacOS Windows

Bl : c
Filter files by name Q

I / binder /

Name - Last Modified
Y: enviconme... a day ago
N exampleli a day ago
D histoOut-e... a day ago
(W ROOTIntro... a day ago
W ROOTintro... a day ago
W ROOTVSO... a day ago
" ROOTVSO... a day ago
D T2tt_700_. a day ago

TBAE PFVA’25

2 Launcher
B + X

| [ 33

W B

e I

D » = C » Code v

led ../runs
Iwget https://www.dropbox.com/s/zza28peyjy8qggb/T2tt_780_50.root

weutlang filesT2tt_700_50.root filetype=DELPHES name=exHistos
# ADL file for ROOT101 tutorial: opening files and drawing histograms
# Runs with binder/ROOTintroPython.ipynb, binder/ROOTintroCpp.ipynb

# Object selection

object jets
take jet
select pT(jet) > 30
select abs(etaljet)) < 2.4

# Event selection
region presel
select ALL
select MET > 300
select size(jets) >= 4
histo hjetlpt , "jet 1 pT (GeV)", 48, 0, 1000, pT(jets(o])
histo hjet2pt , “jet 2 pT (Gev)", 48, @, 1008, pT(jets[1])
histo hjet3pt , “jet 3 pT (GeV)", 40, 0, 1000, pT(jetrs[2])
histo hjetdpt , “jet 4 pT (Gev)", 40, @, 1000, pT(jets(3])
histo hmetjetlpt, “MET vs. jet 1 pT", 28, 300, 1390, 20, ©, 1000, MET, pT(jets(o].

13



CutLang Bircok Ortamda Calisiyor

* Jupyter/Binder araytzlyle
CutLang’i mobil cihazlarda

(&

& hub.gke2.mybinder.org

# hub.gke2.mybinder.org &

I t k d (] k" I Op(:‘)(\,T exampl91 Visit repo Copy Bingd OR[’—)(’)T examp|e1 Visil repo Copy Bind OQI/‘)OT example1 Visit repo Copy Bind
g § = Men Not Trustad | ROOT G4+ with CutLang O = M Not Trustad | ROOT C++ with CutLang © = Menu usted | ROOT C++ with Cuttang O
8 + ¥ OB 4 v PRun B C » 8 + # Q0K 4 % phin B C » 8 + ¥ 8B 4 v PRin B C »
Code o Memory: 5288 MB / 2 GB Cade [} Memory: 539.7 MB / 2 GB Coda & Memory: 5398 MB / 2 GB
& Downlbad & & O GeHub % Binder & Download O & O GitHub % Binder & Download & & O GrHuo % Binder
objeél jets ” !“1(2’” selectior
take jet region presel
In [ 1: N select pT{jet) > 39 select ALL ;
’ select abs(eta(jet)) < 2.4 select MET > 300
Ve AP select size(jets) >= 4
Eo Ny 1o histo hjetlpt , "jet 1 pT (GeV) 10
o 7 7 WAy anbo m/el/ry - 2 E t slection > ) ) N '
lwget https://www.dropbox.com/s/zza28pe reg;;; p:';sleLL or histo hjet2pt , "jet 2 pT (Gev)"™, 40,
select ALL histo hjet3pt , "jet 3 pT (GeV)", 40,
In [ 1: M select MET > 300 * histo hjetdpt , “jet 4 pT (Gev)", 48,
oo T select size(jets) »= 4 histo hmetjetlpt, "MET vs. jet 1 pT",
Sl ng | (el T, (00 SALEE histo hjetipt , "jet 1 pT (Gev)", 40,
ADL file for ROOT101 tutorial: openin £ - “e b PUACH ps .
P sl oi s _ o Rl e histo hjet2pt , "jet 2 pT (GeV)", 480, o
# Runs with binder/RDOTintroPython. ipyn S % a1 oLg G ALL ¢ 1 +- @
. histo hjet3pt , “jet 3 pT (Gev)", 40, Y
: : “Snb & et Sl evt: 20000
) histo hjetdpt , et 4 pT (Gev)"™, 40,
# Object selectior histo hmetjetlpt, "MET vs. jet 1 pT*
object jets ’ f MET > 309 : @.5647 +- 8.
take jet . 08351 evt: 11295
select pTljet) > 30 'Forced number of entries 2
select abs(eta(jet)) < 2.4 2000 size(jets) >= 4 : 0.811 +
starting entry @ - 0.00368 evt: 9160
# Event selectior Processing event @
region presel Processing event 5080 [Histo] jet 1 pT (Gev) :
select ALL Processing event 10000 1 4= @ evt: 91
select MET > 300 Processing event 15000 60
select size(jets) == 4 Efficiencies for analysis
histo hjetlpt , “jet 1 pT (GeV)", 40, : BP_1 [Histo] jet 2 pT (GeVv)
histo hjet2pt , “jet 2 pT (GeV)™, 44, 1 + @ evt: 91
histo hjet3pt , “jet 3 pT (GeV)", 40, presel Based on 20000 eve 60
16.02.2025 TBAE PFVA’25 14



ADL/CutLang ve Makine Ogrenimi

ADL/CutLang, ML modellerini ¢calistirmak tzere adapte edildi.
* Suanicin .onnx modelleriyle calisiyor. ( https://onnx.ai/ )
Onnx modellerini calistirmayi saglayan ADL/CutLang s6zdizimi:

# define the list of inputs

define listofinputs = {varl var2 var3 ...... varN}

# define the ML output

define myMLvar = OME(my/directory/myfunc.onnx, listofinputs)

Onnx fonksiyonlarinin uygulandigr ATLAS-SUSY-2018-30 (multi b + MET) ornegi:

# define the list of inputs
define NNSRGtt21001Var = {
pT(jets[0]) eta(jets[0]) phi(jets[0]) m(jets[0]) bTag(jets[0])
pT(jets[1]) eta(jets[1]) phi(jets[1])  m(jets[1]) bTag(jets[1]) ......(rest of the vars)........ }
define NNmeans = {
348.82672119140625 0.001224843435920775 0.011215382255613804 35.01051712036133 0.4123765528202057 ...... (rest of the vars)...........
define NNsigmas = {
260.26678466796875 1.043735384941101 1.8061413764953613 31.465930938720703 ......... (rest of the vars)........ }
# define the ML output
define NN1Cut = OME("ANA-SUSY-2018-30_model.onnx" , NNSRGtt21001Var, NNmeans, NNsigmas, 0 )
# Use in the selection
region SRGtt21001
(.... other selection criteria)
select NN1Cut >=0.9997
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ADL/CutLang ile Yeniden Yorumlama
(Reinterpretation)

ADL, fenomenoloji topluluklariyla bilgi alisverisini oldukca pratik hale getirir.

Tdm analiz mantigini agik bir sekilde tarif eder.
* Deneylerden, dogrudan genel girdi tiplerine uyarlamayr mumbkun kilar.
* Deneydeki nesne tanimlari, nimerik nesne ID’leri ile etiketleme(tagging) verimlerine dayall

basitlestirilmis nesne tanimlari ile degistirilir.

* Olay se¢imleri neredeyse tamamen ayni kalir: Trigger secimleri yerine trigger verimleri kullanilabilir.

e ADL dosyalarindaki analiz ¢iktilarini ifade etmek icin genel s6zdizimi mevcut:

e Cutlang, var olan sonugclari analiz ¢ciktilariyla ayni formatta olan histogramlar seklinde kaydeder.
* Bu sayede cutflowlar kiyaslanabilir ve limit hesabi yapilabilir.

* ADL, HEPDATA veya benzeri platformlara analiz sonuclarina iliskin bilgilerin saglanmasini kolaylastirabilir.

16.02.2025 TBAE PFVA'25 16
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/¢y ADLASUSY: Yeniden Yorumlama

Deneysel analizler, var olan tanimlarda basitlestirme yapilarak yeniden kullanilabilir.

b-tagging for UL NanoAODvV9 p— b-tagging for public use, e.g. with Delphes
# AK4 jets # AK4 jets
object JetAK4 object JetAK4
take Jet take Jet
select jetID(Jet) >0 i select jetID >0
select pt(Jet) > 30 select pt(Jet) > 30
select abs(eta(Jet)) < 2.4 select abs(eta(Jet)) < 2.4
# b-tagged jets - medium # b-tagged jets - medium
object MediumBTag object MediumBTag
take JetAK4 take JetAK4
select btagDeepB(JetAK4) >= 0.2598 select applyhitandmiss( btagdeepBmediumeff( pt, abs(eta) ) ) ==
Verimleri, nesne ozelliklerini ve CMS tarafindan saglanan
hit&miss metodu uygulayan verimler. ADL tablo halindeki

genel bir fonksiyon verimleri kullanabilir.

16.02.2025 TBAE PFVA’25 17
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_%/ @ Nesne Verimleri

Nesnelerin nitelikleri ve bunlarin belirsizligine karsilik gelen

verimlilik degerleri, tablo
kaydedilebilir.

aracihgiyla

ADL dosyasina

CutLang bu verimlilikleri analiz nesnelerine ‘hit-and-miss’

yontemi ile uygular.

object bjets
take jets
select abs(flavor(jets)) == 5

select applyHM( btagdeepCSVmedium( Pt(jets) ) == 1)

16.02.2025

TBAE PFVA’25

table btagdeepCSVmedium
tabletype efficiency

nvars 1

errors true

# val
0.5790
0.6314
0.6442
0.6596
0.6727
0.6812
0.6855
0.6873
0.6881
0.6880
0.6867
0.6826
0.6734
0.6624
0.6494
0.6419
0.6301
0.6202

err—

0.0016
0.0013
0.0011
0.0007
0.0007
0.0008
0.0008
0.0009
0.0010
0.0008
0.0011
0.0015
0.0020
0.0026
0.0034
0.0044
0.0054
0.0051

err+

0.0016
0.0013
0.0011
0.0007
0.0007
0.0008
0.0008
0.0009
0.0010
0.0008
0.0011
0.0015
0.0020
0.0026
0.0034
0.0044
0.0054
0.0051

pTmin
-10.4
30.0
35.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0

pTmax
30.0
35.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0

18



£

- / 4

*f) h ADL/CutLang ile Dogrulama(Validation) : Efficiency Map Creator

ADL/CutLang ile genis 6lcekli bir analiz uygulamasi ve dogrulama calismasi baslattik. Ana odak noktasi
e Sipersimetri analizleri ancak Egzotik analizlerine de genisliyoruz.

Dogrulama ¢alismalariicin SModelS Efficiency Map Creator’u kullaniyoruz:

. . Number of events, ADL analysis file,
* Deneysel sonuclarla kiyaslama yaparak analizleri mass range, SMS topology, ...

dogrulamak icin kullanilabilir. —
e Yapilandinlabilir kullanici araytzi: Hangi model ve kitle .
noktalarinin Uretilecegi, hangi adimlarin ¢alistirilacagi,

hangi ciktinin kaydedilecegi belirtilebilir. Madgrap
& Pythia Delphes

Efficiency Map creator

* EM-Creator, Wolfgang Waltenberger ve Jan Mrozek tarafindan
ADL/CutLang ile birlikte calismasi icin uyarlandi.
Provides an automated process for

* Son adim: Verim haritalari analysis through simple command line Selected number of

o v C . . ts / efficiencies in all
Limit hesaplama SModelS icerisinde gergeklesiyor. avants.affioiancieaina
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https://smodels.github.io/
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ﬁ ADL/CutLang ile Dogrulama(Validation) : Efficiency Map

Creator
Son zamanlarda yayinlanan ATLAS ve CMS analizlerini dogrulama Uzerine calisiyoruz.
Guncel dogrulama ornegi: best of 37 SRs: EWSRs_35, EWSRs_36, EWSRs_37 5o
CMS-SUS-21-009: “photons + CMS-SUS-21-009-adl_T5Hg_{0:'x, 1:'y", 2.'1", 3: X, 4: 'y, 5: 1)
multijets + MET”. i et ;

200 1 @ excluded
® allowed (but close)
excluded (but close)
1500 183 SModeiS db gnd points

B
1000 A
00 4

Devam eden dogrulama calismalari: CMS-SUS-18-004, CMS-SUS-21-006, ATLAS-SUSY-2018-16, ATLAS-
SUSY-2019-09, ATLAS-SUSY-2018-30, ATLAS-SUSY-2020-27, ATLAS-SUSY-2019-22, ATLAS-SUSY-
2018-22, ATLAS-SUSY-2018-10

16.02.2025 TBAE PFVA’25 20


https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-21-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-006
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/

# preselection region
region presel

select
count
counts
counts
counts
select
counts
counts
counts
counts
select
counts
counts
counts
counts
select
counts
counts
counts
counts

Counts and Cutflows

Counts fonksiyonuyla deneye ait cutflow degerleri ADL dosyasina dahil edilebilir.
e CutlLang bu sayilari kullanarak deney sonuclari icin bir cutflow histogrami Uretir.

countsformat sigone

process Tittttl968200, *"Titttt 1960 200", stat
process Tibbbbl8@820e, *"Tibbbb 18698 200", stat
process Tlqqqql30010@, *Tiggqq 1300 100", stat

countsformat bgests
process T5qqqqVVvi800160, “"TSqqaqvVv 1800 108", stat

process lostlep, "Lost lepton background", stat, syst
process zinv, "Z --> vv background", stat, syst
process qcd, "QCD background", stat, syst

countsformat sigtwo
process Tittttl13991000, *Titttt 1300 1080*, stat
process Tibbbbl30011€0, “Tlibbbb 1300 1100", stat
process Tiqqqql2001000, “Tigqoqg 1200 1000*, stat

process TS5qqqqVVi4eel1es, “"TSqgqqVVv 1400 110"
countsformat results

ALL
sigone 100.0 +- 9.8 , 100.0 +- 4.5 , 100.0 +- 0.9 , 100.8 +- 0.5
sigtwo 100.9 +- 0.0 , 100.2 +- 0.1 , 100.0 +- 0.1 , 100.0 +- ©.1
sigthree 100.0 +- 0.2 , 186.0 +- ©.5 , 100.8 +- 0.5

sigfour 100.0 +- 0.0 , 120.0 +- 8.1 , 120.0 +- 9.2

size(jets) >= 2

process est, "Total estimated BG", stat, syst
process obs, "Observed data"

region searchbins

sigone 100.0 +- 9,8 , 100.0 +- 0.5 , 100.9 +- 0.0 , 100.0 +- 0.5 presel

sigtwo 100.8 +-'6.0 , 99.3 +- 0.1 , 99.6 +- 0.1 , 100.0 +- 0.1 # Table 3, 1

SIEENrRe 99 U0-0:2 5 98:8:47 8.3, 991 #-0.5 bin MHT [] /400 350 4hd HT [] 300 600 and size(jets) [1 2 3 and size(bjets) ==

sigfour 992.6 +- .0 , 95.4 +- 0.1 , 97.8 +- 0.2

HT > 308 counts 3i?¢!'+— 320 +—- 580 , 89100 +- 200 +- 2600 , 1800 +- 1000 + 1200 - 800
sigone 100.0 +- 0.8 , 100.0 +- ©.5 , 100.0 +- 0.0 , 108.0 +- 0.5 counts results 179800 +- 1100 +- 2800 , 130718

sigtwo 90.1 +- ©.4 , 74.8 +- 0.5 , 82.0 +- 0.3 , 94.6 +- 0.4 bin MHT [] 306 /350 and HT [] 600 1200 and size(jets) [] 2 3 and size(bjets) == 0
sigthree 98.7 +- 0.4 , 98.3 +- 0.5 , 98.9 +- 0.6

counts bgests’ 2760 +- 61 +- 39 , 4970 +- 50 +- 150 , 330 +- 180 +- 160

sigfour 72.2 +- 8.3 , 58.2 +- 0.3 , 83.0 +- 0.4

MHT > 300 counts 8060 +- 200 +- 220 , 7820

sigone 85.5 +- 2.7 , 86.8 +- 1.9 , 77.1 +- 0.5 , 83.@ +- 2.1 bin MHT [] 300 350 and HT >= 1200 and size(jets) [] 2 3 and size(bjets) ==
sigtwo:13.8 +- 0.4 , 19.9 +- 0.5 , 21.2 +- 0.4, 22.2 4- 0.7 counts bgests 181 +- 17 +- 3 , 308 +- 12 +- 18 , 62 +- 34 +- 27

sigthree 74.5 +- 1.2 , 79.6 +- 1.4 , 88.1 +- 1.4

sigfour 9.2 +- 0.2 , 13.6 +- 0.2 , 31.3 +- 8.5
16.02.2025
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5;;‘&\5 v
= / s ADL/CutLang ve LHC Open Data
ADL/CutLang, ATLAS ve CMS acik verileri ile analizleri ¢alistirmak i¢in kullaniliyor.
* Yeniden yorumlama agisindan kullanimi: Yeni modellere olan hassasiyeti en yuksege cikartmak igcin ADL
veritabanindaki var olan analizleri optimize ediyoruz.
* Haziran 2023’te gerceklesen CMS Open Data Workshop icin ADL/CutLang kullanilarak acik verileri kullanarak
yeniden yorumlama’ya yonelik ilk egitim hazirland..
* Vektor benzeri T kuark sinyali icin bir ttbar analizinin yeniden yorumlanmasi Gzerine ¢alisildi.
e Odak noktasi, VLT sinyaline olan duyarhiligi arttirmak icin analizin yeniden optimize edilmesi.
Egitimin linki
* lgili acik veri ve MC olaylari izerinde calisiyor.
* CutlLang, ROOT, acik veriler ve VNC’yi barindiran bir docker konteynerinde c¢alisiyor
e 2022 CMS Open Data Workshop’taki egitimde CMS’in Run 1 verisiyle gerceklestirdigi ‘Boosted W ve
Higgs bozonlariyla vektor-benzeri kuark analizi’ yeniden uyarlanmistir.
e Egitimin linki
16.02.2025
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https://cms-opendata-workshop.github.io/workshop2023-lesson-reinterpretation/
https://indico.cern.ch/event/1139022/
https://cms-opendata-workshop.github.io/workshop2022-lesson-run2-adlcl/

Number of events

ADL/CutLang ve LHC Open Data

Data, BG and 2 VLT

10° signals vs. top candidate
mass for the ttbar analysis
selection.

Number of events

Top candidate mass pr
and ST after reoptimizing
the ttbar selection by
adding several new cuts.
(B2G-16-024 uses ST)
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1 Cutflow histogramlari CutLang
Al g, 8iz ‘Qo(/e ‘420( > 3’29{ iy 3’1‘@, > "I@( f’?@ oT, RT 07‘0-‘ . &) . . e
e """'%)..“:=~f’"*1~'7”°a~27?;%,4;1“-fff'¢*~0?’°"*“'“"”*rs'Z"”“r""" ” tarafindan otomatik olarak uretiliyor.
cutflow event counts
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ADL/CutLang ve ATLAS Open Data

—_
E Jik : 5 i, | 5 2
= | = # OBJECT SELECTION

object goodEles
take ELE
select lep_isTightID(ELE) == 1
select lep_pt(ELE) > 35000.0
select lep_ptcone3@(ELE)/lep pt(ELE) < ©.1
select lep_etcone28(ELE)/lep pt(ELE) < ©.1
select abs(lep_eta(ELE)) < 2.47
select abs(lep_eta(ELE)) ][ 1.37 1.52
select Abs(lep_trackd@pvunbiased(ELE))/lep_tracksigdepvunbiased(ELE) < 5.8
select Abs(lep_z@(ELE))*sin(dz(ELE))< ©.5
# dz is Theta of the vector .. . , .
Degiskenleri ntuple’dan okuyabiliyoruz.
object goodMuos
take MUO
select lep_isTightID(MUQ) ==
select lep_pt(MUO) > 35008.0
select lep_ptcone3@(MUO)/lep pt(MUO) < ©.1
select lep_etcone28(MUO)/lep pt(MUO) < ©.1
select abs(lep_eta(MUQ)) < 2.5
select Abs(lep_trackd@pvunbiased(MUO))/lep_tracksigdepvunbiased(MUD) < 3.0
select Abs(lep_z@(MUO)*sin(dz(MUO))) < ©.5

object goodLeps : Union(goodEles, goodMuos)

define leadlLep = goodLeps[@]

define mtw = sqrt(2*Pt(leadlLep)*MET*(1 - cos(dPhi(leadLep, METLV[@]))))

## VARIABLE DEFINITIONS

define Lumi = 10064.0

define SFactor = scaleFactor_ELE*scaleFactor_MUON*scaleFactor_LepTRIGGER*scaleFactor_PILEUP

define totWeight = mcWeight*SFactor*XSection*Lumi/SumWeights
define totWeightAuto = HSTEP(channelNumber < 318008) * 1 + HSTEP(channelNumber > 310608) * totWeight

16.02.2025 TBAE PFVA’25 24
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ADL/CutLang ve ATLAS Open Data, Egitim Amach Kullanim

## HISTOGRAM DEFINITONS

histoList allHistos

histo hleadleptPt, "Lepton Transverse Momentum;p_{T}"{lep} [GeV];Events / bin", 20, 0.0 , 200.0 , Pt(leadlLep)
histo hleadleptEta,"Lepton Pseudorapidity; #eta”{lep}; Events / bin", 3@, -3.0, 3.0, Eta(leadlLep)

histo hleadleptPhi, "Lepton Azimuthal Angle ; #phi~{lep}; Events / bin", 32, -3.2, 3.2, Phi(leadLep)

histo hleadleptE, "Lepton Energy; E~{lep} [GeV]; Events / bin", 30, 0.0, 300.0, E(leadLep)

histo hjetsN, "Number of Jets;N_{jets};Events", 6, -0.5, 5.5, Size(JET)

histo hmisstEt, "Missing Transverse Momentum;E_{T}*{miss} [GeV];Events / bin" , 30, ©.0, 200.0, MET

region Wenu

select ALL

select met_et > 30000.0
select trigE == 1 || trig
select Size(goodEles) >=
select Size(goodMuos) >=
select Size(goodLeps) >=
sort Pt(goodlLeps) descend
select Size(goodLeps) == 1

select mtw > 60.8

weight myweight totWeightAuto

select Abs(pdgID(leadlLep)) == 11

histo henuMt, "Transverse Mass; M*{W #rightarrow e#nu}_{T} [GeV];Events / bin", 40 , 39.0 , 180.0, mtw
allHistos

region Wmunu

select ALL

select met_et > 30006.0
select trigE == 1 || trig
select Size(goodEles) »>=
select Size(goodMuos) »>=
select Size(goodLeps) >=
sort Pt(goodLeps) descend
select Size(goodLeps) == 1

select mtw > 60.8

weight myweight totWeightAuto

select Abs(pdgID(leadlLep)) == 13

histo hmunuMt, "Transverse Mass; M~{W #rightarrolB#&muihi'\ {P} [GeV];Events / bin", 4@, 39.0, 180.08, mtw 25
allHistos
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‘*ﬁ” ,ﬁ lepton analizi

Buyuk Hadron Carpistiricisi tarafindan
13 TeV kutle merkezi enerjisinde 139
fb-1 toplam 1sinliliga karsilik gelen,

ADL/CutLang ile Vektor-benzeri agir

" e o
\ q . N N\
>MA
S il roN w-
\Q/\/\/‘-\I\
\

ATLAS algicinin 2015-2018 yillari PP
arasinda kaydettigi veride ADL/CutLang
kullanarak E6 BuyUk Birlesme

Kurami’nin ongordugu vektor benzeri ~,

agir leptonlar (VLL) arastiriimaktadir.

/M<

\/\/\/

« Son durumda zit yuklu 2 lepton igeren sinyal bolgelesine ait segimler:

OS Pt(leps) LTightI IDIan_d F]? Mediu?CID and Tau Zveto | 1Z |nJets>=| MlIl >15
ooselsolation for
Ieptons > 20 GeV electrons Looselsolation veto 2 Gev
for muons
- v v v v ; v v v
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= ADL/CutLang ile Vektor-benzeri agir

|| &% lepton analizi

Son durumda zit yuklu 2 lepton iceren bozunum kanallarinda hadronik bozonlar ve agir leptonlar, sinyal Monte Carlo
ornegdi kullanilarak yeniden yapilandiriimigtir. En iyi adaylari bulmak i¢in x2 algoritmasi kullanildi.

#EVENT VARIABLE DEFINITIONS
define jetA : goodlet[-1]
define jetB : goodlet[-2]
define jetC : goodlet[-3]
define jetD : goodlet[-4]
define muA : goodMuo[-1]

define muB : goodMuo[-2]

erhangi ikise
jetten olusan
Higgs ve Z

bozonlarinin
animlanmas

region HZ2L0S
preselection
select totchiHZ ~= @
histo Hhadimass,"Hhad Mass (Gev)",100,0,250,m(Hhad1)
histo Zhad2mass,"Zhad Mass (GeVv)",100,0,200,m(Zhad2)
histo Lhimass,"Lh Mass (GeVv)",100,0,1200,m(Lh1)
histo Lz2mass,"Lz Mass (GeV)",100,0,1200,m(Lz2)

define Zhad2 : jetC jetD
define Hhadl : jetA jetB Aglr Ieptonlarl

define Lz2 : Zhad? muB tanimlanmasi

define Lh1 : Hhadl muaA

define HZchi : (m(Hhad1) - 125)~2 f10~2 + (m(Zhad2) - 91)~2 /8~2
define totchiHz : (m(Lh1) - m(Lz2))"2 /(27.472 + 27.52) + HZchi

X2 algoritmasi

28



ChatGPT Demo @ civicii ChatGPT 3.5

Object selection in this analysis begins with the identification of muons satisfying a
transverse momentum (pr) greater than 20 GeV and an absolute pseudorapidity (1) less
than 2.4. Similarly, electrons are chosen based on a py threshold greater than 20 GeV
and |7/ less than 2.5. A unified set of leptons is then formed by combining the selected

( B electrons and muons.
Hi ChatGPT. Below is an LHC physics

analysis written in the Analysis Description Jets are selected with a py threshold of 30 GeV and || less than 2.4. To ensure
Language syntax. Can you please use this to
write the object selection and event selection
sections of a scientific publication? Please
keep in mind the following:

separation from leptons, any jet within a distance d R < 0.4 from a lepton is excluded.

Two key event variables are defined: the scalar sum of jet py (HT) and the transverse

mass of the leading lepton and missing transverse energy (MET) (MTI). HT is calculated
- Do not use lists, itemizations! Rather use =

paragraphs.

as the sum of the transverse momenta (pr) for all selected jets. MTl is computed as the
square root of (2 - pr(lepton) - MET - (1 — cos(¢(MET) — ¢(lepton)))), where
- Do not refer at all to "good" objects. Do  represents the azimuthal angle.

NOT use the word "good" at all in the text.
(..... give the ADL file from previous slide) Event selection is performed across three regions. The baseline region requires a
/ minimum of 2 selected jets, a threshold on HT (HT' > 200), and a condition on the ratio
of METto HT (MET' /HT < 1). The signal region builds upon the baseline criteria but
excludes events with any selected leptons and introduces an additional requirement on
the azimuthal separation between MET and the leading jet (dphi( MET, jet) > 0.5).

The control region, similar to the baseline, includes events with exactly one selected

lepton and imposes a constraint on the transverse mass (MT1 < 120).

These selection criteria aim to isolate events with specific object characteristics and
event topologies, enabling a detailed exploration of the physics processes under
investigation.
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#CLA TwoletTwoMuonEvents

object goodMuon : MUON
select Pt(MUON) > 15
select AbsEta(MUON) < 2.4

object goodJet : JET
select Pt(JET) > 30
select AbsEta(JET) < 2.4

define Zcandidate : gopodMuon[0] goodMuon[1]
define Wcandidate : goodJet[0] goodJet[1]
define chargedHiggsCandidate : Zcandidate Wcandidate

region TwoletTwoMuonAnalysis
select ALL
select Size(MUON) >= 2
select Size(goodMuon) ==
select Size(JET) >=2

select Size(goodlet) ==

Select events with two jets, two muons. Make a Z from the muons and make a W from two
jets. Plot the invariant masses of both bosons. Then add the two bosons as a charged higgs
candidate. Plot the invariant mass of the new object.

Here is the updated CutLang analysis that selects events with two jets and two muons,

creates a Z boson candidate from the muons, a W boson candidate from the jets, and finally,

a charged Higgs candidate from the Z and W bosons. The invariant masses of the Zand W

boson candidates and the charged Higgs candidate are plotted in histograms:

histo hZcandidateMass, "Invariant mass of Z candidate (GeV)", 100, 60, 120, m(Zcandidate)
histo hWcandidateMass, "Invariant mass of W candidate (GeV)", 100, 40, 140, m(Wcandidate)
histo hChargedHiggsCandidateMass, "Invariant mass of charged Higgs candidate (GeV)", 100, 100, 500, m(chargedHiggsCandidate)

16.02.2025
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— '~_‘_;';43; Select events with one tau and one muon. then select 3 jets and a b jet.
&) ﬁ GPT4 DEMO

o
g [

- - ‘ ax

. AP

#CLA OneTauOneMuonEvents ' : : :
Here's a CutLang analysis that selects events with exactly one tau, one muon, three jets, and
object goodMuon : MUON
select Pt(MUON) > 15
select AbsEta(MUON) < 2.4

at least one b jet:

object goodTau : TAU 60| But|wanted to have exactly 1 bjet
select Pt(TAU) > 20 ! )

select AbsEta(TAU) < 2.3

object goodlet : JET

select PHIET) > 30 (G )) My apologies for the confusion. The analysis can be modified to select events with exactly
select AbsEta(JET) < 2.4

one b jet as follows:

object goodBlet : JET
select Pt(JET) > 30

select AbsEta(JET) < 2.4
select JETbtag > 0.89 select ALL

select Size(MUON)
algo OneTauOneMuonSelection .
select ALL select Size(goodMuon)

select Size(MUON) == solinct EixaiTill:=s
select Size(goodMuon) ==

select Size(TAU) ==1
select Size(goodTau) == select Size(JET) ==
select Size(JET) ==

select Size(goodJet) ==
select Size(goodBlet) >=1

algo OneTauOneMuonSelection

select Size(goodTau) ==

select Size(goodlet) ==
TBAE PFVA'25 select 31




Sonuc olarak

ADL/CutLang, cok amacli ve pratik bir analiz yaklasimi sunar.
ADL/CutLang, yeniden yorumlama(reinterpretation) calismalari icin oldukc¢a uygundur.
Analize baslamak isteyenler icin en uygun aractir.

ADL s6zdizimi ve araglari stirekli gelisim halindedir.

ADL/CutlLang bir topluluk girisimidir.
Sizler de aramiza katilip dilin gelismesine katkida bulunabilirsiniz.

16.02.2025 TBAE PFVA’25
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= ) é ADL/CutLang Ogrenmeye Nasil Baglayabilirim?

e CutLang’i nasil yuklerim?

https://github.com/unelg/CutLang

* ADL/CutLang CMS Acik Veri workshop

https://cms-opendata-workshop.github.io/workshop2022-lesson-run2-adilcl/

https://cms-opendata-workshop.github.io/workshop2023-lesson-reinterpretation/

ADL/CutlLang bir topluluk girisimidir.
Sizler de aramiza katilip dilin gelismesine katkida bulunabilirsiniz.

16.02.2025 TBAE PFVA’25
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é ADL/CutLang Ogrenmeye Nasil Baslayabilirim?

* Parcacik Fiziginde Bilgisayar Uygulamalari Okulu, 3 -7 Subat 2020:

https://indico.cern.ch/event/877623/timetable/?view=standard

e ADL/CutLang Tutorial ve Hackathon, 21, 22 Kasim 2022:
https://indico.global/event/13148/timetable/

e Cutlang tutorials directory:

https://github.com/unelg/CutlLang/tree/master/runs/tutorials

ADL/CutlLang bir topluluk girisimidir.
Sizler de aramiza katilip dilin gelismesine katkida bulunabilirsiniz.

16.02.2025 TBAE PFVA’25
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